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EXPERIMENTS WITH A COUITTER-PROPELLJ3R

By E, l?. Lesley

SUI.W.4RY

This note describes tests made at Stanford University
on a four-blade fixed counter-propeller in combination with
a two-blade rotating propeller. It is shown that the effic-
iency of the normal form, well-designed air propeller can
be increased about two per cent over the full working range
by the addition of fixed counter-propeller blades.

PROGRAM OF TESTS

The following tests were conducted.:

A- Preliminary test to determine the rotation in
the slipstream of a model propeller, the observed data
to serve as a basis for a counter-propeller desiga.

3- Test of the model propeller alone in the usu-
al manner.

c- Test of the model propeller in combination
with the counter-propeller.

Test A.- The propeller selected for the investigation.—
was the U.S. Navy type model F, three-foot diameter and
three-foot geometrical pitch. It Is completely described
in N.A.C.A. Technical Report Ho. 237 entitled IiTests on

p— y=

iii=
.-

—

Thirteen Navy Type Model-Propellers, llby W. Y. Durand. ‘“i---/~@f~J~~- ----

This pitch ratio was chosen because preliminary trials G’ :
~~-

showed that for the same thrust and velocity of advance, Qr3”
the helix angles of the slipstream elements, as measured
from the axial direction, vary directly with the pitch ra-
tio. Since any gain with a counter-propeller must result
from recovering some part of the rotational energy of the
slipstream, it appeared that a high-pitch propeller would
offer the greater opportunity for irnprovanent.(~):&Q&$$$+.
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The direction of the slips”t-r6-amelements was measured
with a cylindrical yaw head. Observations were made along
two radial lines, one about one-half inch from the trail-
ing edge of the “propeller and the Other three fnches far-
ther to the rear. The general wind velocity was about 60
feet per second. Propeller rotative speeds were adjusted
to give 8 pounds, 16 pounds and 27 pounds thrust, thus pro-
viding three points in the range of v/nD through which
the propeller would normally operate. Slipstream direc-
tions were observed for each of the three thrusts. The
angular~ty of the elements, relative to the ax_ia_l.$r.ec_tion
is shown in Figure- 1. ““Close t’o“the””tr’ai-lingedge It is
somewhat greater than at poifits three inches to the roar,
It varies inversely as the radius and directly as the
thrust. It- sliotild%e noted that the angles mea-sti”i~d-”-ia-k~‘
no account of any radial velocity, ‘btitonly o-f the tangen-
tial and axial components.

To determine the be-st direction for the elements of a
counter-propeller, placed in a slipstream of this uature,
the following analysis was employed.
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Let OA (fig. 2) represent the axial direction. 03 nak-
ing an angle a ~ith OA is the direction of the slip-
stream elenent. An airfoil element, at ail aa~le of +ttack
9, ~ould experience a lift II cnd a drag D. Let y =

The thrust compon~~lt T = L
Since y T?ill generally be suall
nearly equal to o~e, we nay write

The airfoil contour selected

Sec Y sin y-f~ji
and sec y
TL= sin ict- y).

for tho countor-propel-
ler ~ae the Clark Y. For the largest value of ‘a Ia%;ut

‘ 110 fig. 1), the thrust component., in coeffi.ciont fern,
Has calculated for various angles of attack as fol~o”vs:

a= 110 . -—-- : .—-.
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of the Clnrk Y
section with reference to the pro-p&ller axis. It nay be
seen that for a = Ilo the thrust ~ould be uaxiLmm vith
the counter-propeller set at @ = 00, but that for 2°
either side of P

= 00 the thrust should be littlo dif-
ferent fron the rmxinun.

..” _.

... ,..-._ - --?



4 N.A.C.A, Technical Note No. 453

Sinilar cocrputations for a = 8° and a = 5° also
showed the opticmm angle of the taunter-propeller to be
about 00, with little difference in thrust for a change
of 2° either may, It was evident frou the foregoing that
counter- ~ropeller %lades, without twist, and set at from
+2 to -2 to the propeller axis, should yield nearly the
mxiaum thrust throughout the full working range of nodel
propeller l?, full working range being understood as cover-
ed %y the conditions of test A.

For a = 2.9° or less, it would not be possible to
re~.z.iz=thrust fron a counter-propeller having a Clark T
section, since the ninirznm value of y
Clark y and T

is 2.9° for the
=Ls5n (a,- y). It was thus evident from

Figure 1 that counter-propeller blades with Clark Y sec-
tions should not extend beyond a--radius of About 15 in. At
greater radii, the values of a were, even in the case
of 2’7 pounds thrust, but little more than the 2.9° minl.-
mum value of ~.

Four airfoils, Clark Y section, 13 inches long, ta-
pered from four to two ‘inch chord, were arranged for at-
tachment to a fixture as shown in Figure 3. The fixture
was 3.5 inches in diaueter so that the tips of the counter-
propeller blades were at the 14.75-inck radius. The
fasteniag was with a single stud at about 30 per cent
chord.. The airfoils could thus be turned upon the studs
to adjust the angle of attack as desired.

,

The. propeller dynamometer at Sta.aford is of the cra-
dle type. The thrust is r~easured by the force necessary
to balance the ptzll on the propeller shaft. The turning
monent or torque is measured by the nonent required to
balance the torque reac”tion of the propeller on the dyna-
mometer body; the latter, with driving notor, being car-
ried on thin steel-plate knife-edges.

The counter-propeller fixture was arranged for nount-
ing either oa a ball hearing attached to the propeller
shaft , or on the dynamometer body. IQ the former case, a
forward. axial force on the fixture and on the counter-pro-
peller was added to the propeller thrust, The turning rn-
nent of tke countor-propeller was balanc~d by a lover and
counterweight , no counter-propeller torque being cormnzni-
cated to the dynanonet”e”r “ezcepti the” negli~ible friction
torque of the ball bearing. — . ... --——.. ..-..

When the fixture was mounted on tho dynanoneter body, .
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the thrust force of the propeller only was transmitted to
the shaft . The turning monent, as iudicated %7 the dyna-
noneter, was. the algebraic sun of the torque reaction a-
gainst the propeller and the torque of the counter-prope~z
ler.

Test B.- .For the test of the model propeller alone,.—
the counter-propeller fixture, without the hiatt&s, ‘-was

mounted on the propeller shaft; the purpose being to deter-
mine the net thrust of the propeller and fixture for later
comparison with net thrust of propeller, fixture and coun-.
*er-prnpAller . The observations and deduced coefficients
for this test are given in Table 1. Thrust and power coe3-
fi.eients and efficiency, as functions of v/nD, are plot-
ted in Figure 4.

Te8t C,- Tgble II shows the observations and-deduced-
coefficients with the four counte”r-~ropeller blades attach-
ed to the fixture, the blades being set at -20 to the pro-
peller axis. The coefficients are plotted in Figure 5.

Comparison of Tigures 4 and 5 chows that the counter-
propeller produces an increase in efficiency–of about two
per cent over the full working range. This is due nainly
to increase in thrust, but at the snaller values Of v~nD
there seem to be, due to the presence of the counter-pro-
peller, a slight reduction in power absorbed. Tests with
the counter-propeller blades set at QO, -1° and -4° to the
propeller axis gave results sini.lar to those for -2°. The
latter, however, appeared to show t-he greatest over-all in-
proveneat.

—

One further test was made. This was with the coizntez-
propeller %lad.es set at -2°, but with the fixture attached
to the tlynanoneter body. Derived thrust and apparent power
coefficients are give~. in Table 111 and are shown graphical-
ly in Figure 6.

The thrust of this test is the axial force on the pro-
peller only, hut in the presence of the counter-propeller.
The thrust coefficient of Fie~re 5 is little different fron
that of Figure 6, thus indicating a ve~y”snall axial_.force
upon the counter-propeller and fix%tire. , No actual measuie-
nents af f~x$ure drag or counter-pr~peller thrust in the
presence of the ~ropeller could be nade with the test-method
euployed, but, for a propeller thrust of 27 pounds, the
counter-propel~er thrust has been calculated to be possibly

.
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0.36 pOUnd,. and the drag of the fixture a somewhat less
amount, so that the snail difference in thrust coefflciente
of Tigures 5 and 6 seems reasonable. On the” other hand,
Tigures 4 and 5 show, at small v/fiD, a thrust coefficient
for the propeller, counter-propeller and fixture, shout 2
per cent greater than for the Fropeller and fixture. This
indica~, at 27 pounds thrust, a forward axial force on
the counter-propeller blades of about 0.54 pounds. or 50
per cent nore than conputed as”Fossible. The com~uted pos-
sible counter-propeller thrust of 0.36 pound,: w-as derived,
however, with the assumption of steady strean directi.o”ns
as shown in Figure 1, and these are ~.ean directions as in-
dicated by a cylindrical yaw head. The actual directions
no doubt fluctua~ with the passage of every yropeller
blade and in considerable amounts either side of the mean.
IU a stream of this nature it is known that an airfoil nay
have a nuch reduced or e en negative drag (Katznayr effect).

1 ~) may be thusThe values of “’y (cot-
?

nuch snaller thg al-
lowed for, and the thrus L Sin (a - ‘Y) greater than cal-
culated.

Since the counter-propeller blades should act in the
direction of inducing smaller angles of attack for the pro-
peller elements, it would appear that the thrust of the
propeller itself should be reduced in the presence of the
counter-propeller. The slightly smaller Fewer coefficient
in the presence of t-he countar-~ropeller, as shown hy
Figures4 and 5, seems to be logical.

.

While”these tests indicate that there is little proba-
bility the pro~ulsive efficiency for airplanes can be con-
siderably increased %y the use of the counter-propeller ,
they show that sone improvement can be effected. Figure 1
shows that slipstream rotation, fror.~which any benefit with
a counter-Fropeller nust be derived, tncreases, for a given
propeller, with disk loading. The nodern high-speed and
high-power aviation engine often requires a conventional
two-blade propeller operating at tip speed near the velocity
of sound and with consequent poor efficiency. It iS SUg-
gested thatrwith snaller dianeter, the sane r.p.n., lowered
tip speed, increased disk loading through more or wider
%lades , and with a counter-~ropeller, efficiencies possibly
greater than now ~racticable nay be attained, and with con-
siderably less of the noise nuisance.

An incidental advantage from a count6r-proFeller may
lie in partial con~-ensation of torque reaction u~on, the

●

,’

.
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hi~plane~ The apparent power ooeff~aients in Figure 6 are
but one-half to two-thirds of those in Yigure 5“. !t!hedf$-
ferende teFr9f3ents the torque of the counter-prdpeilor;
Snallef dif’f~rences in rigging of the two sfdes,df aa a~f-
plane, or snaller control-stick for~bb, atie thd~ rbqti~$ed
to overtone propeller torque when a counter-propeller 1S
used.

In any event it appears that further experimental in-
vestigation of the counte,r-propeller should be interesting
and nay be profitable.

!i!A3LEI. TEST OF MODEL PROPELLER F ALONE

Velocity
ft./sec(r”p’s

5’7.2
57.%
57.6
57.9
58.0
59.1
60.3
60.9
62.6

22.59
24*42
26.05
27.63
29.10
31.30
33.97
37.35
41.45

?hrust
lb.

6
8

10
12
14
17
2i
27
35

Torque
ft-1%.

2.97
3.72
4.44
5.14
5.81
6.84
8.20

10.08
12.60

Air
iensity

P

.00223

.00223

.00222

.00222

.00222

.00222

.00222

.00222

.00222

v/nD

%;
.737
698
:654
629
:591
543
:503

.0652 i.0678

.07451 .0’726.

I

.6819 .0763

.0874 .07’85

.0921 .0801

.0966 .0814

.1014 .0830

.1079 .0844

.1130 .0857

m
effi-
cien-
Cy

812
:803
.7’91
.777
.763
.747
.722
694
:666
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TABLE II. TEST OF MODEL PROPELLER F 171TH COUNTER-PROPELLER

OX SHAFT - 3L.4DES AT -2° TO PROPELLER AXIS

Velocity
ft./see.

—.—.—

55.7
55.8
56.1
56.6
56.8
57.4
58.4
61.2
62.0

Thrust Torquer.p.s.
1%. ft-lb.

——

22.10
23.96
25.62
27.21
28.68
30.71
33.21
36 85
40.74

T
1

I

I

6 2.89
8 3.65

10 4.36
12 5.05
14 5*7O
17 6.64
21 7.91
27 9.86
35 112.30

Air
density

P

.00226

.00226

.00226

.00226

.00226

.00226

.00225

.00225

.00225

v/nD

..—

.840

.776

.729

.693

.660

.623

.586

.553

.507

@

T

pnaD4
—-——

.0672

.0764

.0835

.0888

.0934

.0988
1045
:1092
.1157

Cplq
I~ffj.-

P

---1--

~ cien-
?a3D Cy

.0679 831

.0730 :812

.0763 798

.0783 :786

.0797 .7?3

.0809 .761

.0817 / .750

.0836 J .723
.

.0852 ] .688

●

o

TA3LE III. TEST 03’ MODEL PROPELLER F UITH COUHTER-PROPEL-.

LER ATTACHED TO DYITAHOMETER 30i)Y “- 3LADES

AT -2° ?!0 pROPELLER AXIS

Velocity’
\A:p;:;tl air

r.pms.~Thrustl

I
density

ft./see. lb. 1 ft-lb. P
I

7’
—.—..-.t-~—

55.5 22.26 6 ! 1.53
57*9 24.32 ‘ 8 2.10
58.3 26.09 2.63
59.1 27.72

2930 ~ ;;
3.14

59.7 , 3.66
60.5 31.37’ 17 4.40
61.’7 34.00 21 [ 5.34
64.6 37.71 1 27 ! 6.77
66.1 41.71 I 35 8.62

.00224

.00224

.00224

.00224

.00223

.00223

.00223

.00222

.00222

v/uD

.844

.794

.745
710
:678
643
:605
.571
.528

CT

T

pn2D4

—.—..
.0670
.0749
.0812
.0866
.0903
.0961
1008
:1055
.1120 ~

L
pr.3D5 c

—— ..——

.0358

.0418

.0448

.0475

.0495

.0520

.0537

.0555

.0577 .:

.
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TA3LE FOR CONSTRUCTION OF FIGURE 1.

O%served Angularity in SliFstrean of Model Propeller F

Radial line 1/2 inch frou trailing edge

k
Thrust 5 in.

lb. -Z&~. rlln.
....—— -.

8 6 35

16 9 , 10

I
I

27 II I 25

Thrust

111.
—

8

16

27

Radius

8 in. 11 in.

r

.—
deg. Din. deg. min

6 25 4 25

8 05 5 40

9 55 7 35

14 ill. i 17 ill.
I ——

deg.[ nln.~ deg.

w——
3 0 1

3 45 1

5 15 3

Radial line 3-1/2 inches from traili~g edge

Radius

5 in. 8 in.--.,—...

i

deg min. deG.j ~in.
—— I
5 30 5~30

8 40 7135

1110 ‘19 25

Stanford University,

uin.
——

05

40

0

—.

70 I 4 40]2j35

—

Stanford University, Calif., February 20, 1933.
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